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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein generally
relates to heat exchangers and, more particularly, to alu-
minum heat exchangers that are resistant to corrosion.
[0002] Heatexchangers are widely used in various ap-
plications, including but not limited to heating and cooling
systems including fan coil units, heating and cooling in
various industrial and chemical processes, heat recovery
systems, and the like, to name afew. Many heatexchang-
ers for transferring heat from one fluid to another fluid
utilize one or more tubes through which one fluid flows
while a second fluid flows around the tubes. Heat from
one of the fluids is transferred to the other fluid by con-
duction through the tube walls. Many configurations also
utilize fins in thermally conductive contact with the out-
side of the tube(s) to provide increased surface area
across which heat can be transferred between the fluids,
improve heat transfer characteristics of the second fluid
flowing through the heat exchanger and enhance struc-
tural rigidity of the heat exchanger. Such heat exchang-
ers include microchannel heat exchangers and round
tube plate fin (RTPF) heat exchangers.

[0003] Heatexchangertubes may be made from a va-
riety of materials, including aluminum, copper and alloys
thereof. Aluminum alloys are lightweight, have a relative-
ly high specific strength and high heat conductivity. Due
to these excellent mechanical properties, aluminum al-
loys are used in heat exchangers for heating and cooling
systems in commercial, industrial, residential, transport,
refrigeration, and marine applications. However, alumi-
num alloy heat exchangers can be susceptible to corro-
sion. In applications in or close to marine environments,
particularly, sea water or wind-blown seawater mist cre-
ate an aggressive chloride environment that is detrimen-
tal for these heat exchangers. This chloride environment
rapidly causes localized and general corrosion of braze
joints, fins, and refrigerant tubes. The corrosion modes
include galvanic, crevice, and pitting corrosion. Corro-
sion impairs the heat exchanger ability to transfer heat,
as fins lose their structural integrity and contact with the
refrigerant tubes and corrosion products accumulate on
the heat exchanger external surfaces creating an extra
thermal resistance layer and increasing airflow imped-
ance. Corrosion eventually leads to a loss of refrigerant
due to tube perforation and failure of the cooling system.
Accordingly, improvements in corrosion durability of alu-
minum alloy heat exchangers would be well received in
the art.

[0004] Surface coatings have been used to provide
protection against corrosion by imposing a physical bar-
rier between salt water in the environment and aluminum
components of the heat exchanger. Coating types in-
clude electroplating, dip coating, spray coating and pow-
der coating. However, conventional polymer surface
coatings can suffer from a number of problems such as
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inadequate or uneven thickness, pinholes and other gaps
in coating coverage, and the necessity of extensive sur-
face preparation of the aluminum substrate prior to ap-
plication of the coating in order to provide adequate bond-
ing between the coating and the substrate, in addition to
the cost, time and complexity of applying the polymer
coating. Heat exchangers, by their nature, exhibit large
and frequent temperature variations, which can lead to
the delamination and disbanding of the polymer coatings.
Furthermore, polymer coatings create a layer which is
resistive to heat transfer and can create a loss in efficien-
cy for the heat exchanger. Metal surface treatments such
as TCP (trivalent chromium process developed by the
U.S. Naval Air Warfare Center Aircraft Division) have
been used to prepare heat exchanger surfaces for sub-
sequent application of polymer coatings as described in
US patent application publication no. 2012/0183755 A1;
US patent publication no. 6,248,181 B1 proposes to ap-
ply to the surface of an aluminium heat exchanger a pol-
ymer based hydrophilic coating comprising trivalent chro-
mium saltand an alkali metal hexafluorozirconate as pos-
sible additives to the polymer coating, instead of two lay-
ered coatings; however, such coatings are still subject
to the issues described above.

BRIEF DESCRIPTION OF THE INVENTION

[0005] According to one aspect of the invention, a heat
transfer system comprises a heat transfer fluid circulation
loop. The heattransfer systemincludes a heatexchanger
disposed in the heat transfer fluid circulation loop, the
heat exchanger comprising an aluminum alloy exterior
surface having thereon a top surface coat of a mixed-
metal oxide integrated with the aluminum alloy derived
from a composition comprising a trivalent chromium salt
and an alkali metal hexafluorozirconate.

[0006] According to another aspect of the invention, a
method of producing a heat transfer system comprises
contacting an aluminum alloy exterior surface of a heat
exchanger with a composition comprising a trivalent
chromium salt and an alkali metal hexafluorozirconate to
form a top surface coat of a mixed-metal oxide integrated
with the aluminum alloy on the aluminum alloy surface,
and assembling the heat exchanger comprising the top
surface coat into a heat transfer fluid circulation loop.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The subject matter which is regarded as the in-
vention is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features, and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying drawing
in which:

FIG. 1 depicts a schematic diagram of an exemplary
heat transfer system;
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FIG. 2 depicts a schematic diagram of an exemplary
heat exchanger;

FIG. 3 depicts a schematic diagram of another ex-
emplary heat exchanger; and

FIG. 4 depicts a schematic diagram of a cross-sec-
tional view of an aluminum alloy surface of a heat
exchanger.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Referringnow tothe Figures, an exemplary heat
transfer system with a heat transfer fluid circulation loop
is shown in block diagram form in FIG. 1. As shown in
FIG. 1, a compressor 10 pressurizes heat transfer fluid
in its gaseous state, which both heats the fluid and pro-
vides pressure to circulate it throughout the system. The
hot pressurized gaseous heat transfer fluid exiting from
the compressor 10 flows through conduit 15 to condenser
heat exchanger 20, which functions as a heat exchanger
to transfer heat from the heat transfer fluid to the sur-
rounding environment, resulting in condensation of the
hot gaseous heat transfer fluid to a pressurized moderate
temperature liquid. The liquid heat transfer fluid exiting
from the condenser 20 flows through conduit 25 to ex-
pansion valve 30, where the pressure is reduced. The
reduced pressure liquid heat transfer fluid exiting the ex-
pansion valve 30 flows through conduit 35 to evaporator
heat exchanger 40, which functions as a heat exchanger
to absorb heat from the surrounding environment and
boil the heat transfer fluid. Gaseous heat transfer fluid
exiting the evaporator 40 flows through conduit 45 to the
compressor 10, thus completing the heat transfer fluid
loop. The heat transfer system has the effect of transfer-
ring heat from the environment surrounding the evapo-
rator 40 to the environment surrounding the condenser
20. The thermodynamic properties of the heat transfer
fluid allow it to reach a high enough temperature when
compressed so that it is greater than the environment
surrounding the condenser 20, allowing heat to be trans-
ferred to the surrounding environment. The thermody-
namic properties of the heat transfer fluid must also have
a boiling point at its post-expansion pressure that allows
the environment surrounding the evaporator 40 to pro-
vide heat at a temperature to vaporize the liquid heat
transfer fluid.

[0009] The heat transfer system shown in FIG. 1 can
be used as an air conditioning system, in which the ex-
terior of condensr heat exchanger 20 is contacted with
air in the surrounding outside environment and the evap-
orator heat exchanger 40 is contacted with air in an in-
terior environment to be conditioned. Additionally, as is
known in the art, the system can also be operated in heat
pump mode using a standard multiport switching valve
to reverse heat transfer fluid flow direction and the func-
tion of the condenser and evaporator heat exchangers,
i.e. the condenser in a cooling mode being evaporator in
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a heat pump mode and the evaporator in a cooling mode
being the condenser in a heat pump mode. Additionally,
while the heat transfer system shown in FIG. 1 has evap-
oration and condensation stages for highly efficient heat
transfer, other types of heat transfer fluid loops are con-
templated as well, such as fluid loops that do not involve
a phase change, for example, multi-loop systems such
as commercial refrigeration or air conditioning systems
systems where a non-phase change loop thermally con-
nects one of the heat exchangers in an evaporation/con-
densation loop like FIG. 1 to a surrounding outside envi-
ronment or to an interior environment to be conditioned.
Regardless of the specific configuration of the heat trans-
fer fluid circulation loop, a heat exchanger may be dis-
posed in a potentially corrosive environment such as a
marine or ocean shore environment.

[0010] One type of exemplary heat exchanger that can
be used according to the embodiments described herein
is a micro-channel or mini-channel heat exchanger. The
configuration of these types of heat exchangers is gen-
erally the same, with the primary difference being rather
loosely applied based on the size of heat transfer tube
ports. For the sake of convenience, this type of heat ex-
changer will be referred to herein as a micro-channel
heat exchanger. As shown in FIG. 2, a micro-channel
heatexchanger 20 includes first manifold 212 having inlet
214 for receiving a working fluid, such as coolant, and
outlet 216 for discharging the working fluid. First manifold
212 s fluidly connected to each of a plurality of tubes 218
that are each fluidly connected on an opposite end with
second manifold 220. Second manifold 220 is fluidly con-
nected with each of a plurality of tubes 222 that return
the working fluid to first manifold 212 for discharge
through outlet 216. Partition 223 is located within first
manifold 212 to separate inlet and outlet sections of first
manifold 212. Tubes 218 and 222 can include channels,
such as microchannels, for conveying the working fluid.
The two-pass working fluid flow configuration described
above is only one of many possible design arrangements.
Single and other multi-pass fluid flow configurations can
be obtained by placing partitions 223, inlet 214 and outlet
216 at specific locations within first manifold 212 and sec-
ond manifold 220.

[0011] Fins 224 extend between tubes 218 and the
tubes 222 as shown in the Figure. Fins 224 support tubes
218 and tubes 222 and establish open flow channels be-
tween the tubes 218 and tubes 222 (e.g., for airflow) to
provide additional heat transfer surfaces and enhance
heat transfer characteristics. Fins 224 also provide sup-
portto the heatexchanger structure. Fins 224 are bonded
to tubes 218 and 222 at brazed joints 226. Fins 224 are
not limited to the triangular cross-sections shown in FIG.
2, as other fin configurations (e.g., rectangular, trapezoi-
dal, oval, sinusoidal) can be used as well. Fins 224 may
have louvers to improve heat transfer.

[0012] Referring now to FIG. 3, an exemplary RTPF
(round tube plate fin) heat exchanger is shown. As shown
in FIG. 3, a heat exchanger 20 includes one or more flow
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circuits for carrying refrigerant. For the purposes of ex-
planation, the heat exchanger 20 is shown with a single
flow circuit refrigerant tube 320 consisting of an inlet line
330 and anoutletline 340. The inletline 330 is connected
to the outlet line 340 at one end of the heat exchanger
20 through a 90 degree tube bend 350. It should be ev-
ident, however, that more circuits may be added to the
unit depending upon the demands of the system. For
example, although tube bend 350 is shown as a separate
component connecting two straight tube section, the tube
320 can also be formed as a single tube piece with a
hairpin section therein for the tube bend 350, and multiple
units of such hairpin tubes can be connected with u-
shaped connectors atthe open ends to form a continuous
longer flow path in a ‘back-and-forth’ configuration. The
heat exchanger 20 further includes a series of fins 360
comprising radially disposed plate-like elements spaced
along the length of the flow circuit, typically connected to
the tube(s) 320 with an interference fit. The fins 360 are
provided between a pair of end plates or tube sheets 370
and 380 and are supported by the lines 330, 340 in order
to define a gas flow passage through which conditioned
air passes over the refrigerant tube 320 and between the
spaced fins 360. Fins 360 may include heat transfer en-
hancement elements such louvers.

[0013] The refrigerant tubes can be made of an alumi-
num alloy based core material and, in some embodi-
ments, may be made from aluminum alloys selected from
1000 series, 3000 series, 5000 series, or 6000 series
aluminum alloys. The fins can be made of an aluminum
alloy substrate material such as, for example, materials
selected from the 1000 series, 3000 series, 6000 series,
7000 series, or 8000 series aluminum alloys. The em-
bodiments described herein utilize an aluminum alloy for
the fins of a tube-fin heat exchanger having an aluminum
alloy tube, i.e., a so-called "all aluminum" heat exchang-
er. In some embodiments, components through which
refrigerant flows, such as tubes and/or manifolds, can be
made of an alloy that is electrochemically more cathodic
than connected components through which refrigerant
does not flow (e.g., fins). This ensures that any galvanic
corrosion will occur in non-flow-through components
rather than in flow-through components, in order to avoid
refrigerant leaks.

[0014] As mentioned above, heat exchanger compo-
nent connections, such as between tubes and fins, or
between tubes and manifolds, can be connected by braz-
ing. Brazing compositions for aluminum components are
well-known in the art as described, for example, in US
Patents 4,929,511, 5,820,698, 6,113,667, and
6,610,247, and US published patent application
2012/0170669. Brazing compositions for aluminum can
include various metals and metalloids, including but not
limited to silicon, aluminum, zinc, magnesium, calcium,
lanthanide metals, and the like. In some embodiments,
the brazing composition includes metals more electro-
chemically anodic than aluminum (e.g., zinc), in order to
provide sacrificial galvanic corrosion in the braze joint(s)
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instead of the refrigerant tube(s).

[0015] A flux material can be used to facilitate the braz-
ing process. Flux materials for brazing of aluminum com-
ponents can include high melting point (e.g., from about
564°C to about 577°C), such as LiF and/or KAIF,. Other
compositions can be utilized, including cesium, zinc, and
silicon. The flux material can be applied to the aluminum
alloy surface before brazing, or it can be included in the
brazing composition. After the brazing is complete, any
flux residue can be removed prior to contact with the tri-
valent chromium composition, but it does not have to be.
Therefore, in some embodiments, the flux material is not
removed prior to contact with the trivalent chromium com-
position.

[0016] In some embodiments, a metal more electro-
chemically anodic than aluminum, such as zinc, can be
applied to a surface of the heat exchanger before brazing
and before contact with the trivalent chromium composi-
tion. Various techniques can be used to apply the anodic
metal, such as electrodeposition, physical vapor deposi-
tion, or various methods of thermal spray such as plasma
spray, flame spray, cold spray, HVOF, and other known
thermal spray techniques. Alternatively, a layer of zinc
or zinc powder can be physically applied to the surface
and then heated, as is known in the art. This anodic layer
can be thermally diffused into the aluminum substrate,
e.g., to a depth of 80 - 100 wm. The application of a top
surface coat of trivalent chromium composition acts to
enhance the protection of this anodic layer.

[0017] As described herein, a surface of the heat ex-
changer has a top surface coat on atleast a portion there-
of derived from a composition comprising a trivalent chro-
mium salt and an alkali metal hexafluorozirconate. Such
compositions, along with methods for applying to metal
surfaces are described in detail in U.S. Patents
6,375,726, 6,511,532, 6,521,029, and 6,511,532.
[0018] The trivalent chromium salt can contain various
anions along with the trivalent chromium. Exemplary an-
ions include nitrate, sulfate, phosphate, and/or acetate.
Specific exemplary trivalent chromium salts can include
Cry(S0Oy)3, (NH),Cr(SO,),, KCr(8O,),, and mixtures
comprising any of the foregoing. The concentration of
the trivalent chromium salt in the composition, per liter
of solution, can range from about 0.01 g to about 22 g,
more specifically from about 3 g to about 12 g, and even
more specifically from about 4 g to about 8.0 g.

[0019] The alkali metal hexafluorozirconate can con-
tain various cations such as potassium or sodium. The
concentration of alkali metal hexafluorozirconate, per lit-
er of solution, can range from about 0.01 g to about 12
g, more specifically from about 6 g to about 10 g.
[0020] In some embodiments, the composition can al-
so comprise an alkali metal tetrafluoroborate and/or an
alkali metal hexafluorosilicate, such as potassium or so-
dium tetrafluoroborate, or potassium or sodium hex-
afluorosilicate. The concentration of the alkali metal
tetrafluoroborate and/or an alkali metal hexafluorosili-
cate, per liter of solution, can range from about 0.01 g to
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about 12 g, more specifically from about 6 g to about 10 g.
[0021] As mentioned above, the trivalent chromium
composition is acidic. More specifically, the composition
can be an acidic aqueous solution having a pH ranging
from about 2 to about 6, more specifically from about 2.5
to about 4.5, and even more specifically from about 3.7
to about4.0. Acidity can be provided by incorporating the
acid of the trivalent chromium salt, or alternatively by any
known acid such as sulfuric acid, nitric acid, phosphoric
acid, and/or acetic acid.

[0022] In some embodiments, the composition option-
ally comprises a water soluble thickener. When present,
a water-soluble thickener such as cellulose derivatives,
starches, and/or, soluble gums can be presentin the acid-
ic solution in amounts ranging from about 0.1 g to about
10 g per liter, more specifically from about 0.1 g to about
2.0 g, even more specifically from about 0.5 g to about
2.0 g, and even more specifically from about 0.5 g to
about 1.5 g, s liter of the aqueous solution. Specific ex-
amples of thickeners include the cellulose compounds,
e.g. hydroxypropyl cellulose, ethyl cellulose, hydroxye-
thyl cellulose, colloidal silica, clays, starches, gums, and
various combinations thereof.

[0023] Insome embodiments, the composition option-
ally comprises a water-soluble surfactant. When present,
a surfactant can be present in the acidic solution in
amounts ranging from about 0.1 g to about 10 g per liter,
more specifically from about 0.1 g to about 2.0 g, even
more specifically from about 0.5 g to about 2.0 g, and
even more specifically from about 0.5 g to about 1.5 g,
per liter of the aqueous solution. These surfactants are
known in the art of aqueous solutions and include organic
compounds that are non-ionic, cationic, and/or anionic
surfactants. Exemplary surfactants include the monocar-
boxyl imidoazoline, alkyl sulfate sodium salts (DUPO-
NOL®), tridecyloxy poly(alkyleneoxy ethanol), ethoxylat-
ed or propoxylated alkyl phenol (IGEPAL®.), alkyl sul-
foamides, alkaryl sulfonates, palmitic alkanol amides
(CENTROL®), octylphenyl polyethoxy ethanol (TRI-
TON®), sorbitan monopalmitate (SPAN®), dodecylphe-
nyl polyethylene glycol ether (e.g. TERGITROL®), alkyl
pyrrolidone, polyalkoxylated fatty acid esters, alkylben-
zene sulfonates and mixtures thereof. Other known water
soluble surfactants are disclosed by "Surfactants and De-
tersive Systems", published by John Wiley & Sons in Kirk-
Othmer’s Encyclopedia of Chemical Technology, 3rd Ed.
[0024] The treatment composition can be applied by
any of a number of known coating techniques, including
dip coating, spray coating, brush coating, roll coating,
etc. The composition can be applied to only a portion of
the aluminum alloy surface(s)of the heatexchanger, e.g.,
those particularly susceptible to corrosion, such as u-
shaped tubes or hairpin tube sections of a RTPF heat
exchanger, or it can be applied to the entire surface of
the heat exchanger. In some embodiments, dip coating
is effectively used to cover the entire surface of the heat
exchanger. In some embodiments, agitation of either the
heat exchanger workpiece in the coating solution or of

10

15

20

25

30

35

40

45

50

55

the liquid solution itself (e.g., with jets or mechanical ag-
itation) is used during dip coating. In some embodiments,
amicrochannel heat exchanger is oriented with the tubes
generally vertical during dip coating or during removal
from the coating bath. In some embodiments, a RTPF
heat exchanger is oriented with the tubes generally hor-
izontal during dip coating or during removal from the coat-
ing bath. The post treatment of the metal coating can be
carried out at temperatures ranging from ambient tem-
peratures, e.g., 20°C or 25°C, up to about 65°C. The
duration for which the composition is contacted with the
aluminum alloy before subsequent processing such as
rinsing and/or drying can range widely. Exemplary con-
tact times can range from 5 to 15 minutes, more specif-
ically from 9 to 11 minutes, and even more specifically
about 10 minutes. The coating may be air dried at ambi-
ent conditions, or can be subject to accelerated drying
by any of the methods known in the art, for example,
oven drying, forced air drying, exposure to infra-red
lamps, etc. Exemplary drying conditions include about
24 hours at room temperature and less than 50% relative
humidity, or about 2 hours at 50. The resulting coating
as applied by the methods described above produces a
mixed-metal oxide layer of approximately 50 - 100 nm in
thickness permanently integrated with the aluminum al-
loy. Heat transfer calculations indicate that thermal re-
sistance of this layer is negligible relative to the traditional
organic coatings. The coated aluminum surface is sche-
matically depicted in FIG. 4, which shows a cross sec-
tional view of aluminum alloy 410 having a top surface
coat of mixed metal oxide layer 420.

[0025] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, butwhich are com-
mensurate with the appended claims. Additionally, while
various embodiments of the invention have been de-
scribed, itis to be understood that aspects of the invention
may include only some of the described embodiments.
Accordingly, the invention is not to be seen as limited by
the foregoing description, but is only limited by the scope
of the appended claims.

Claims

1. A heat transfer system comprising a heat transfer
fluid circulation loop, comprising a heat exchanger
disposed in said heat transfer fluid circulation loop,
the heat exchanger comprising an aluminum alloy
exterior surface having thereon a top surface coat
on atleast a portion of the heat exchanger of a mixed-
metal oxide layer integrated with the aluminum alloy,
derived from a composition comprising a trivalent
chromium salt and an alkali metal hexafluorozirco-
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nate.

The heat transfer system of claim 1, wherein the heat
exchanger comprises a first aluminum alloy compo-
nent connected by brazing to a second aluminum
alloy component.

The heat transfer system of claim 2, wherein the top
surface coatis disposed over the first aluminum alloy
component, the second aluminum alloy component,
and the brazing connecting the first and second alu-
minum alloy components.

The heat transfer system of claims 2 or 3, wherein
the brazing comprises zinc.

The heattransfer system of any of claims 2-4, where-
in the brazing includes residue of a brazing flux on
the surface thereof, comprising a metal salt with a
melting point of 564°C to 577°C.

The heattransfer system of claim 5, wherein the met-
al salt comprises LiF and/or KAIF,.

The heattransfer system of any of claims 1-6, where-
in said aluminum alloy exterior surface includes zinc
enrichment of the aluminum alloy surface below said
top surface coat.

The heat transfer system of claim 7, wherein the zinc
is applied to the aluminum alloy surface as elemental
zinc by physical vapor deposition or thermal spray
prior to contact with said composition.

The heattransfer system of any of claims 1-8, where-
in the heat exchanger is a minichannel or microchan-
nel heat exchanger.

The heattransfer system of any of claims 1-8, where-
in the heat exchanger is a round tube plate fin heat
exchanger.

The heat transfer system of any of claims 1-10,
wherein the entire surface of the heat exchanger is
covered by said top surface coat.

The heat transfer system of claim 10 wherein only
return bend tube portions of the round tube plate fin
heatexchanger are covered by said top surface coat.

A method of producing the heat transfer system of
any of claims 1-12, comprising:

contacting an aluminum alloy exterior surface of
a heat exchanger with a composition comprising
atrivalentchromium saltand an alkali metal hex-
afluorozirconate to form a top surface coat on
the aluminum alloy surface of a mixed-metal ox-
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14.

15.

ide layer integrated with the aluminum alloy; and
assembling the heat exchanger comprising said
top surface coat into a heat transfer fluid circu-
lation loop.

The method of claim 13, wherein said composition
is applied by dip coating, spray coating, brush coat-
ing, or a combination comprising one or more of the
foregoing.

The method of claim 14, wherein said composition
is applied by dip coating.

Patentanspriiche

1.

Warmelbertragungssystem, umfassend eine War-
metubertragungsfluid-Zirkulationsschleife, umfas-
send einen Warmetauscher, der in der Warmeduber-
tragungsfluid-Zirkulationsschleife angeordnet ist,
wobei der Warmetauscher eine Aulenflache aus
Aluminiumlegierung umfasst, auf der sich auf min-
destens einem Teil des Warmetauschers eine obere
Oberflachenbeschichtung aus einer mit der Alumi-
niumlegierung integrierten Mischmetalloxidschicht
befindet, die aus einer Zusammensetzung abgeleitet
ist, die ein dreiwertiges Chromsalz und ein Alkalime-
tallhexafluorozirkonat umfasst.

Warmelbertragungssystem nach Anspruch 1, wo-
bei der Warmetauscher eine erste Komponente aus
Aluminiumlegierung umfasst, die durch Hartlétung
mit einer zweiten Komponente aus Aluminiumlegie-
rung verbunden ist.

Warmelbertragungssystem nach Anspruch 2, wo-
bei die obere Oberflaichenbeschichtung uber der
ersten Komponente aus Aluminiumlegierung, der
zweiten Komponente aus Aluminiumlegierung und
der Hartlétung, die die erste und die zweite Kompo-
nente aus Aluminiumlegierung verbindet, angeord-
net ist.

Warmelbertragungssystem nach Anspruch 2 oder
3, wobei die Hartlétung Zink umfasst.

Warmelbertragungssystem nach einem der An-
spriiche 2-4, wobei die Hartlétung Riickstande eines
Hartl6tflussmittels der Oberflache davon ein-
schliefdt, das ein Metallsalz mit einem Schmelzpunkt
von 564 °C bis 577 °C umfasst.

Warmelbertragungssystem nach Anspruch 5, wo-
bei das Metallsalz LiF und/oder KAIF, umfasst.

Warmelbertragungssystem nach einem der An-
spriiche 1-6, wobei die AuRRenflache aus Aluminium-
legierung eine Zinkanreicherung der Aluminiumle-
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gierungsoberflache unterhalb der oberen Oberfla-
chenbeschichtung einschlief3t.

Warmelbertragungssystem nach Anspruch 7, wo-
bei das Zink auf die Aluminiumlegierungsoberflache
als elementares Zink durch physikalische Dampfab-
scheidung oder thermisches Spritzen vor dem Kon-
takt mit der Zusammensetzung aufgetragen wird.

Warmelbertragungssystem nach einem der An-
spriiche 1-8, wobei der Warmetauscher ein Minika-
nal- oder Mikrokanal-Warmetauscher ist.

Warmelbertragungssystem nach einem der An-
spriiche 1-8, wobei der Warmetauscher ein Rund-
rohr-Plattenrippen-Warmetauscher ist.

Warmelbertragungssystem nach einem der An-
spriiche 1-10, wobei die gesamte Oberflache des
Warmetauschers mit der oberen Oberflaichenbe-
schichtung bedeckt ist.

Warmelbertragungssystem nach Anspruch 10, wo-
bei nur rickwarts gekrimmte Rohrabschnitte des
Rundrohr-Plattenrippen-Warmetauschers mit der
oberen Oberflachenbeschichtung bedeckt sind.

Verfahren zur Herstellung des Warmelbertragungs-
systems nach einem der Anspriiche 1-12, umfas-
send:

Inkontaktbringen einer AuRenflache eines War-
metauschers aus Aluminiumlegierung mit einer
Zusammensetzung, die ein dreiwertiges
Chromsalz und ein Alkalimetallhexafluorozirko-
nat umfasst, um auf der Oberflache der Alumi-
niumlegierung eine obere Oberflaichenbe-
schichtung aus einer mit der Aluminiumlegie-
rung integrierten Mischmetalloxidschicht zu bil-
den; und

Zusammenbau des Warmetauschers, der die
obere Oberflachenbeschichtung umfasst, zu ei-
ner Warmeilbertragungsfluid-Zirkulations-
schleife.

Verfahren nach Anspruch 13, wobei die Zusammen-
setzung durch Tauchbeschichtung, Spriihbeschich-
tung, Birstenstreichbeschichtung oder eine Kombi-
nation, umfassend eines oder mehrere des Vorste-
henden, aufgetragen wird.

Verfahren nach Anspruch 14, wobei die Zusammen-
setzung durch Tauchbeschichtung aufgetragen
wird.
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Revendications

Systeme de transfert de chaleur comprenant une
boucle de circulation de fluide caloporteur, compre-
nant un échangeur de chaleur disposé dans ladite
boucle de circulation de fluide caloporteur, I'échan-
geur de chaleur comprenant une surface extérieure
en alliage d’aluminium présentant sur celle-ci une
couche de surface supérieure sur au moins une par-
tie de I'échangeur de chaleur d’une couche d’oxyde
de métal mixte intégrée avec I'alliage en aluminium,
dérivée d’'une composition comprenant un sel de
chrome trivalent et un hexafluorozirconate de métal
alcalin.

Systeme de transfert de chaleur selon la revendica-
tion 1, dans lequel I'échangeur de chaleur comprend
un premier composant en alliage d’aluminium relié
par brasage a un second composant en alliage d’alu-
minium.

Systeme de transfert de chaleur selon la revendica-
tion 2, dans lequel la couche de surface supérieure
est disposée sur le premier composant en alliage
d’aluminium, le second composant en alliage d’alu-
minium et le brasage reliant les premier et second
composants en alliage d’aluminium.

Systeme de transfert de chaleur selon les revendi-
cations 2 ou 3, dans lequel le brasage comprend du
zinc.

Systeme de transfert de chaleur selon I'une quelcon-
que des revendications 2 a 4, dans lequel le brasage
comprend un résidu d’un flux de brasage sur sa sur-
face, comprenant un sel métallique ayant un point
de fusion de 564 °C a 577 °C.

Systeme de transfert de chaleur selon la revendica-
tion 5, dans lequel le sel métallique comprend du LiF
et/ou du KAIF,.

Systeme de transfert de chaleur selon I'une quelcon-
que des revendications 1 a 6, dans lequel ladite sur-
face extérieure en alliage d’aluminium comprend un
enrichissementen zinc de la surface en alliage d’alu-
minium au-dessous de ladite couche de surface su-
périeure.

Systeme de transfert de chaleur selon la revendica-
tion 7, dans lequel le zinc est appliqué sur la surface
en alliage d’aluminium sous forme de zinc élémen-
taire par dép6t physique en phase vapeur ou pulvé-
risation thermique avant contact avec ladite compo-
sition.

Systeme de transfert de chaleur selon I'une quelcon-
que des revendications 1 a 8, dans lequel I'échan-
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geur de chaleur est un échangeur de chaleur a mi-
nicanaux ou microcanaux.

Systeme de transfert de chaleur selon I'une quelcon-
que des revendications 1 a 8, dans lequel I'échan-
geur de chaleur est un échangeur de chaleur a ailet-
tes a plaques a tubes ronds.

Systeme de transfert de chaleur selon I'une quelcon-
que des revendications 1 a 10, dans lequel toute la
surface de I'échangeur de chaleur est recouverte par
ladite couche de surface supérieure.

Systeme de transfert de chaleur selon la revendica-
tion 10, dans lequel seules les parties de tube de
type coude en U de I'échangeur de chaleur a ailettes
a plaques a tubes ronds sont recouvertes par ladite
couche de surface supérieure.

Procédé de production du systéme de transfert de
chaleur selon I'une quelconque des revendications
1a 12, comprenant :

la mise en contact d’'une surface extérieure en
alliage d’aluminium d’un échangeur de chaleur
avec une composition comprenant un sel de
chrome trivalent et un hexafluorozirconate de
métal alcalin pour former une couche de surface
supérieure sur la surface en alliage d’aluminium
d'une couche d’oxyde de métal mixte intégrée
avec l'alliage en aluminium ; et

'assemblage de I'échangeur de chaleur com-
prenant ladite couche de surface supérieure au
sein d’'une boucle de circulation de fluide calo-
porteur.

Procédé selon la revendication 13, danslequel ladite
composition est appliquée par revétement par im-
mersion, revétement par pulvérisation, revétement
ala brosse, ou une combinaison comprenant un ou
plusieurs des revétements précédents.

Procédé selon la revendication 14, danslequel ladite
composition est appliquée par revétement par im-
mersion.
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